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We report the results of a
63,65
Cu NMR/NQR study probing the intermetalli ompound PrCu2.
The previously laimed onset of magneti order at 65 K, indiated in a µSR study, is not onrmed.
Based on our data we disuss dierent possible reasons for this apparent disrepany, inluding
a non negligible inuene of the implanted muons on their environment. Competing dipolar and
quadrupolar interations lead to unusual features of the magneti-ion/ondution-eletron system,
dierent from those of ommon intermetallis exhibiting strutural or magneti instabilities.
PACS numbers: 71.70.Ej, 75.20.En, 76.60.-k, 76.60.Es
I. INTRODUCTION
The Van Vlek paramagnet PrCu2 exhibits peuliar
eletroni and magneti properties, whose omplete un-
derstanding is still to be ahieved. The 4f eletron
ground-state multiplet of the Pr
3+
ions is split into
nine singlets by the rystal eletri eld. Nevertheless,
an indued Jahn-Teller (JT) transition is observed at
T
JT
= 7.6 K,1,2 where the rystal struture hanges from
orthorhombi to slightly monolini.
3,4,5
An inommen-
surate antiferromagneti (AF) order below TN = 54 mK
among the Pr nulear magneti moments was laimed
on the basis of magneti suseptibility, spei heat, and
neutron sattering measurements.
4,6
The respetive mo-
ments align along the a diretion of the orthorhombi
unit ell with a propagation vetor q→ = (0.24, 0, 0.68)
in the reiproal lattie. Magnetization and susepti-
bility measurements indiate a large polarization of the
4f Pr magneti-moments in the presene of an external
eld.
7,8
At low temperatures the easy and hard magneti-
zation axes are along the a and c diretion, respetively.
Quite surprisingly the two magnetization axes are ex-
hanged for elds exeeding 10 T, leading to a metam-
agneti transition.
7,8
The 4f eletron Pr-quadrupole mo-
ments play an important role in the physis of PrCu2.
In partiular the JT transition is asribed to a phonon-
mediated interation between the quadrupole moments,
3
whereas the metamagneti transition has been asribed
to a hange in the orientation of the spatial harge
distribution.
9
Based on the results of a muon spin resonane (µSR)
study, AF ordering of the loalized Pr 4f eletron mo-
ments below 65 K has reently been suggested.
10
Sine
suh a magneti transition in this temperature region
is not reeted in the results of either neutron satter-
ing or suseptibility experiments,
3,4,7
it may be assumed
that the inferred magneti order does not involve long-
range order and stati internal elds. Considering the
eletroni onguration of the Pr
3+
ions, the above re-
sult is really unexpeted and alls for additional heks.
Sine the µSR results may be due to dynamially-indued
non vanishing internal elds, it is important to use a
mirosopi tehnique for investigating the phenomenon
further. In this paper we report a systemati study of
PrCu2 by means of Cu-based nulear magneti resonane
(NMR) and nulear quadrupole resonane (NQR) exper-
iments between 4.2 K and room temperature.
II. EXPERIMENTAL
Nulear resonane measurements were made us-
ing standard spin-eho tehniques employing a phase-
oherent pulsed spetrometer.
63,65
Cu NMR and NQR
spetra were olleted by measuring the integrated spin-
eho signal as a funtion of the exiting radio-frequeny
(RF) in xed external magneti elds. The spin-lattie
relaxation rate (SLRR) T−11 was measured by destroying
the z-omponent of the equilibrium nulear magnetiza-
tion by means of a short RF pulse and monitoring its
reovery as a funtion of a variable delay between this
preparation pulse and a spin-eho sequene. The spin-
spin relaxation rate (SSRR) T−12 was obtained from the
τ dependene of the signal after a π/2− τ − π sequene.
Single rystalline PrCu2 samples were grown at Os-
aka University by means of the proedure desribed in
Ref. 11. Sine the system is metalli, the NMR signal
from the single rystal is very small beause the penetra-
tion depth of the RF pulses is of the order of 1 µm only.
We observed an unexpeted splitting and broadening of
the NMR lines, whih we traed bak to a non-perfet
orientation of the applied magneti eld with respet to
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Figure 1:
63,65
Cu-NMR powder spetra of PrCu2 at seleted
temperatures and in a eld of 7.049 T. The vertial dashed
lines mark the referene NMR frequenies for the two Cu-
isotopes.
12
one of the rystalline axes of the sample. From a de-
tailed analysis we onluded that meaningful NMR mea-
surements on a single rystal of PrCu2 require a prei-
sion in sample orientation that is muh better than ±1◦,
whih ould not be ahieved with our experimental set-
up. For this reason we powdered the single-rystalline
sample whih not only served to avoid the orientation
problem but also helped to enhane the NMR signal.
III. NMR MEASUREMENTS
Figure 1 shows the Cu-NMR spetra of PrCu2 pow-
der at seleted temperatures. The 300 K spetrum is
haraterized by two main features entered at 80 and
86 MHz, whih are asribed to the NMR entral-line of
the
63
Cu and
65
Cu isotopes, respetively. Both isotopes
possess a 3/2 nulear spin but the gyromagneti ratio of
65
Cu is roughly 7% larger than that of
63
Cu. We ob-
serve no sign of any ontribution from the
141
Pr nulei
(referene frequeny ∼ 92 MHz at 7.049 T), most prob-
ably beause their extremely large hyperne oupling
6
results in very short relaxation times. Both Cu NMR
lines are split by ∼ 1 MHz. We asribe this splitting
to a seond-order quadrupolar perturbation of the Zee-
man Hamiltonian. The wings observed between 75 and
90 MHz orrespond to the rst-order quadrupolar per-
turbation. These wings are more prominent at lower
temperatures and it may be noted that, rather than a
sharp edge, they exhibit a smooth edge suggesting, as
explained below, a non-zero anisotropy η of the eletri
eld gradient (EFG). With dereasing temperatures, the
omplexity of the spetrum inreases. As may be seen in
g. 1, the asymmetry and width of the lines grows and
they partially merge together. The quadrupolar wings
are strongly aeted as well and a large overall shift of the
lines towards higher frequenies is observed, indiating a
progressively inreasing Knight-shift (K). The strongly
asymmetri line-shape suggests a large K-anisotropy.
The very omplex struture of the low temperature
NMR spetra, aused by the simultaneous EFG and K
anisotropies, makes a quantitative analysis of the spe-
tra very diult. Therefore, we keep the interpretation
mostly at a qualitative level. To this end we performed
several simulations of the
63,65
Cu NMR powder-spetrum
for dierent values of the mirosopi parameters har-
aterizing K and EFG. The simulations involve a full di-
agonalization of the nulear Hamiltonian omprising the
sum of the quadrupolar and the Zeeman term orreted
by K. The spetrum is then obtained from the alu-
lated transition energies and intensities, averaged over
random rystal orientations in order to simulate a pow-
der spetrum. The mirosopi parameters harateriz-
ing the quadrupolar Hamiltonian are the largest om-
ponent Vzz of the EFG and the anisotropy η in the xy
plane. The parameters desribing K are the isotropi and
anisotropi omponents K
iso
and K
ani
, respetively, as
well as an axial-asymmetry term ǫ. The notation is stan-
dard and exemplied, for instane, in Ref. 13 (pages 62-
64). Figure 2(a) shows the simulated spetra that we ob-
tained by onsidering only an isotropi K
iso
= 1.5% and
no quadrupolar ontribution. Naturally, this spetrum
onsists of only one line for eah isotope, slightly shifted
with respet to the referene frequeny. Figure 2(b) was
obtained by adding an EFG with Vzz = 0.32 a.u. and
η = 0. It is lear that this term indues the appear-
ane of the wing strutures and a splitting of the entral
lines. The eet of adding a non-zero anisotropy η is
demonstrated in gs. 2() and (d) where the alulations
with η = 0.10 and η = 0.20, respetively, are displayed.
Upon enhaning η, the sharp edge of the wings is pro-
gressively smeared out, leading to a simulated spetrum
with a shape resembling the experimental data at 300 K.
The overall omparison of the experimental data with the
simulations of g. 2(b-d) suggests that the atual ompo-
nents of the EFG ating at the opper site in PrCu2 are of
the order of Vzz = 0.32 a.u. and η = 0.10, at least down
to 100 K. An ab initio alulation in whih the internal
oordinates of the 12 ions in the unit ell of PrCu2 were
optimized assuming the experimental lattie parameters
(a = 4.4087 Å, b = 7.0551 Å, and c = 7.4441 Å)5 using
the DMol
3
ode,
14
yielded Vzz = 0.48 a.u. and η = 0.11.
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Figure 2: Simulated
63,65
Cu-NMR powder spetra in a eld
of 7.049 T with K
iso
= 1.5% and for dierent values of the
EFG parameters (see text).
Although the alulated absolute value of the EFG is 50%
larger than that obtained by omparing experiment and
simulations as desribed above, the diretion of the dom-
inant omponent of the EFG tensor is learly established
to lie in the bc plane. This is important for the disussion
in setion IVB.
Figure 3(b) shows a simulated spetrum where the
isotropi shift of 1.5% is augmented by an anisotropi
omponent K
ani
= 1.6% but no axial-asymmetry. The
non-zero K
ani
indues an asymmetri broadening of the
entral lines keeping rather sharp edges. The ǫ value is re-
sponsible for the position of the maximum with respet
to the edges, as shown in gs. 3() and (d), where the
simulated spetra with ǫ = 0.6 and ǫ = 2.0 are shown,
respetively.
Although these simulations allow for a qualitative de-
sription of the main features of the NMR spetra, the
situation turns out to be muh more ompliated when
we try to simultaneously take into aount the inuene
of both EFG and K. These two ontributions are indeed
both non-negligible and, in priniple, temperature de-
pendent. Moreover the orresponding tensors are usu-
ally non diagonal in the rystalline-axes frame and their
main frames, i.e. the frames in whih the two tensors
are diagonal, are not neessarily oriented along the same
diretions. The loal symmetry of the Cu-sites provides
one onstraint for the EFG and K main frames. They
should have one prinipal axis parallel to a. Conern-
ing the orientation of the other two axes in the bc plane,
nothing an be onluded from onsidering the rystal-
struture. Therefore the angle between the K and EFG
main frames in the plane is unknown. All the above on-
siderations lead to the onlusion that the inuenes of
both K and EFG on the spetral features annot be re-
garded independently.
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Figure 3: Simulated powder
63,65
Cu-NMR spetra at a eld
of 7.049 T and for dierent values of the K parameters (see
text).
In spite of the diulties desribed above, it is still
possible to extrat some quantitative information from
the NMR spetra shown in g. 1. First of all, we an
estimate the quadrupolar frequeny νQ of
63
Cu from the
widths of the wings. The data imply νQ = 8 − 9 MHz
with no signiant hange upon dereasing temperature,
at least down to 50 K. Inserting Vzz = 0.32 a.u. and
η = 0.10 into the relation
νQ =
3eVzzQ
2hI(2I − 1)
√
1 + η2/3, (1)
where Q is the nulear quadrupole moment and I is the
nulear spin, we obtain νQ = 8.3± 0.8 MHz. The seond
quantity that we an estimate is the largest prinipal
omponent K
max
of the K tensor. In the presene of
a K anisotropy, the spetrum adopts the typial shape
displayed in gs. 3(b)-(d).
13
The edges of the asymmetri
broadening our at frequenies (1 + K
min
)ν0 and (1 +
K
max
)ν0, where Kmin is the smallest omponent of the K
tensor and ν0 is the referene frequeny of the onsidered
nuleus.
13
The position of the resonane maximum is at
(1 + K
int
)ν0, where Kint is the third (intermediate) K-
tensor main-omponent.
13
The temperature dependene
of the high-frequeny edge an be followed down to ∼
20 K, thus allowing us to estimate K
max
(T ).
We assume that the hyperne eld
→
Bhf
Cu
ating at the
Cu-site is mainly indued by the polarization of the Pr
magneti-moments µ→
Pr
via an interation mediated by
the ondution eletrons, suh that
→
Bhf
Cu
= A
↔
µ→
Pr
, (2)
where A
↔
is the tensor assoiated with the transferred hy-
perne eld. The orientation of one prinipal axis of the
K tensor along the a axis and the fat that it represents
4the easy magnetization diretion
7
indiate that the max-
imum K omponent most likely lies along a, as was also
suggested by our preliminary measurements on the single
rystal (data not shown here). The same is implied by our
estimate of K
max
(T ), whih is found to be proportional
to the suseptibility χa(T ) along the a axis. For a given
external magneti eld
→
B0,
→
Bhf
Cu
and µ→
Pr
an diretly be
obtained from K and the suseptibility, respetively. Us-
ing eq. 2 we an alulate the diagonal term of A
↔
along
a, namely
Aaa = Ka(T )/χa(T ), (3)
whih is, of ourse, temperature independent and has a
value of 0.54 ± 0.02 T/µ
B
. This value is very useful in
the disussion of the NQR data.
A temperature-independent Aaa and the fat that we
do not observe signiant hanges of the NMR spetrum
around 65 K are not ompatible with an ordering of the
Pr-moments at that temperature. Beause of the inter-
ation between the Pr-moments and the ondution ele-
trons, any alignment of the Pr moments is expeted to
have a strong inuene on the Cu NMR response.
IV. NQR MEASUREMENTS
A. Spetra
The rather large value of νQ indiated by the NMR
data suggests that an NQR signal an be observed in
an aessible frequeny range. Figure 4 shows Cu NQR
spetra at seleted temperatures. The reorded data re-
et the expeted simple NQR spetrum with one single
line per isotope, reeting the respetive ±1/2 → ±3/2
transitions. The relative peak positions of the
63
Cu and
65
Cu signals are onsistent with the nulear quadrupole
moment, whih is roughly 8% larger for
63
Cu than for
65
Cu. From the raw data it is lear that the
63
Cu NQR
frequeny is within 10% of the estimate of νQ obtained
from the NMR spetra. The NQR frequeny inreases
with dereasing temperature, whereas no major hanges
are observed in the T -dependene of the line-widths. In
order to obtain more quantitative information, we ap-
plied a best-t proedure that is based on the frequeny
dependene of the intensity S(ν) given by
S(ν) =
Aα65
(ν − νQ/β)2 + (Γ/2)2
+
Aα63
(ν − νQ)2 + (Γ/2)2
, (4)
where A is the overall intensity, α65,63 are the natural
abundanes of
65,63
Cu, νQ is the
63
Cu NQR frequeny,
Γ is the line-width (assumed to be equal for both iso-
topes), and β = 1.078 is the ratio between the quadrupo-
lar moments of
63
Cu and
65
Cu. The experimental inten-
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Figure 4:
63,65
Cu-NQR spetra of PrCu2 at seleted temper-
atures (symbols). Solid lines are best-t urves to the data
(see text).
sity I(ν, T ) is
I(ν, T ) = S(ν)ν
[
1− exp
(
−
hν
kBT
)]
, (5)
where the multipliative fator ν is due to the fat that
our measurement is indutive; the term in square brak-
ets represents the Boltzmann population fator. With
this proedure, we tted all the spetra using only A,
νQ, and Γ as free parameters. Physially relevant are the
latter two and we plot them as a funtion of temperature
in g. 5.
The frequeny νQ inreases linearly with dereasing
temperature down to T
JT
, where a sudden drop in νQ(T )
is observed. This reets the JT strutural transition
whih indues a sudden hange in the EFG and thus in
νQ. The overall hange of νQ between 300 K and 20 K is
about 5%. Sine νQ is related to both Vzz and η by means
of eq. 1, it is not possible to sort out whether the observed
hange in νQ is to be asribed to Vzz , or η, or both. Nev-
ertheless, if we assume a onstant Vzz , the νQ(T ) values
imply that the anisotropy should hange from η ∼ 0.10
at 300 K to approximately 0.60 at 20 K. Suh a dra-
mati hange in the asymmetry is very unlikely beause
it would require a strong modiation of the eletroni
density, whih does not seem to be ompatible with the
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Figure 5: Symbols: (a)
63
Cu-NQR frequeny and (b) line-
width of PrCu2 as a funtion of temperature, as obtained from
the best-ts to the NQR spetra. The dashed lines represent
(a) a linear t and (b) the average of the data above 7 K.
small anisotropy of the thermal expansion oeients.
15
Moreover no evidene of suh a large variation an be in-
ferred from the NMR data shown in g. 1, beause in the
presene of a large η the edges of the quadrupolar wings
are dramatially smeared out. It is therefore reasonable
to asribe most of the hange in νQ to a orresponding
inrease of Vzz , probably indued by the thermal ontra-
tion of the lattie.
15
The lak of any anomaly in νQ(T )
around 65 K does not add support to the magneti-order
senario inferred from the µSR data.
Between room-temperature and T
JT
the line-width Γ
is almost onstant. In partiular, also Γ(T ) exhibits no
anomaly around 65 K. Likewise the absolute values of Γ
are in ontrast with a magneti order of the Pr moments.
Beause of the interation of the Pr-moments with the
ondution eletrons, magneti order among them would
imply a loal eld
→
Bhf
Cu
ating on the Cu-sites. As dis-
ussed above (set. III), the ontribution to this eld
of any Pr moment oriented along a an be alulated
by means of the orresponding hyperne onstant, i.e.
Bhf
Cu
= AaaµPr. We alulated the loal magneti elds
ating on Cu sites by invoking the six nearest-neighbors
Pr moments, adopting the laimed AF onguration with
an inommensurate modulation of the moments. The
orresponding vetor q→ = (0.24, 0, 0.68) and the modu-
lation amplitude is 0.29 µ
B
.
10
We obtain a distribution
of Bhf
Cu
ranging from 0 to 0.06 T. Suh a distribution of
elds should be reeted in a broadening ∆ν = 1.4 MHz
of the NQR line. This value is almost one order of mag-
nitude larger than Γ of our signals, thus indiating that
a magneti order of the laimed type
10
is inompatible
with our data.
Sine the features extrated from the NQR spetra do
not onrm, but rather rule out AF ordering of the Pr
moments at 65 K, it seems in order to disuss possible
auses for this disrepany. At present we onsider two
senarios whih we disuss in more detail in setion V.
The rst is based on the assumption that the apparent
order observed with muons is mainly due to a muon-
indued loal enhanement of slow spin utuations. As
a seond possibility we onsider that the observed order
is not stati, but utuates on a time-sale of the order
of 1 µs. With µSR and the related preession frequeny
of the order of 10 MHz,
10
a non-zero eld would be in-
diated. The harateristi time period in employing the
NMR/NQR spin-eho tehnique are in the range of tens
of miroseonds and therefore the eld utuations in the
MHz range would be averaged to zero and thus would not
aet the resonane signal. Under these irumstanes,
µSR would indiate a stati magneti orrelation with
a distribution of internal elds, whereas in NMR/NQR
the elds would be averaged to zero. Suh a slow dynam-
is has no simple explanation. Of ourse, the presene of
a temporally utuating eld should be reeted in the
dynamial magneti properties on a mirosopi sale,
namely the SLRR T−11 and the SSRR T
−1
2 . At any rate,
the onset of magneti-order is, usually in the viinity of
the transition, aompanied by strong magneti utua-
tions, whih should be reeted in the relaxation rates.
B. Relaxation
With the proedures desribed in setion II, we mea-
sured the time reovery of the longitudinal mL(t) and
transversal mT (t) magnetization. Representative exam-
ples of mL(t) and mT (t) are shown in the insets of
g. 6(a) and (b), respetively. All the mL(t) urves an
be tted by means of the standard exponential funtion
that applies for I = 3/2,16 namely
mL(t) = mL(∞)
[
1− exp
(
−
ρt
T1
)]
, (6)
where mL(∞) is the equilibrium magnetization, T1 is the
spin-lattie relaxation time, and ρ is an η-dependent pa-
rameter, whih an be approximated with ρ ≃ 3 for 0 .
η . 0.2.16 Beause the standard dipole-dipole interation
is not the main spin-spin relaxation mehanism, mT (t)
annot be tted by means of a simple exponential fun-
tion. The stronger indiret interation mediated by the
ondution eletrons via the Ruderman-Kittel-Kasuya-
Yosida mehanism leads to a gaussian orretion
17,18
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Figure 6: (a) Spin-lattie and (b) spin-spin relaxation rates
as a funtion of temperature. Dashed lines in (a) are power-
law ts to the data in the temperature range above and below
100 K. The unertainty of the data points in (a) is of the order
of the diameter of the open irles. The horizontal dashed
line in (b) is a guide to the eyes. Insets: examples of the time
dependent longitudinal (a) and transversal (b) magnetization.
Solid lines in the insets of (a) and (b) are best ts to data
aording to equations 6 and 7, respetively.
suh that
mT (t) = mT (0) exp
[
−
t
TR
−
1
2
(
t
T2G
)2]
, (7)
where mT (0) is the initial transverse magnetization, T2G
is the gaussian spin-spin relaxation time, and TR =
3T1/(2 + r) is a time-sale depending on the SLRR and
on its anisotropy r. Sine this anisotropy is expeted
to be not as large as, e.g., in the layered opper oxides
(r ∼ 4), we assume r ∼ 1 and hene TR ∼ T1. As long as
TR is signiantly larger than T2G, their values are quite
independent. Our assumption TR = T1 is thus justied
a posteriori, both by the good quality of the ts and by
the fat that we obtain systematially T2G < T1.
From the ts based on equations 6 and 7, we obtain
the temperature dependenies of the SLRR and SSRR, as
shown in gs. 6(a) and (b), respetively. Neither T−11 (T )
nor T−1
2G (T ) exhibit the expeted features that would re-
et an onset of magneti-order around 65 K. The u-
tuations that aompany suh a transition should ause
a distint enhanement of the relaxation rates, result-
ing in a peak in T−11 (T ) around the ordering tempera-
ture. From g. 6(b) we take it that T−1
2G (T ) is onstant
down to around 40 K where it starts to inrease with
dereasing temperature, displaying a peak at T
JT
. The
derease of T−1
2G (T ) below TJT most likely reets the re-
dution of the quadrupolar utuations. Also T−11 (T )
peaks at T
JT
, but the behavior at higher temperature is
more diult to interpret. The temperature dependene
of the SLRR is neither ompatible with a dominating re-
laxation via ondution eletrons (T−11 (T ) ∼ T ), nor a
relaxation via loal magneti moments (T−11 = onst.)
or by spin-wave type exitations (T−11 ∼ T
3
). Instead
T−11 (T ) exhibits a power-law type behavior haraterized
by a negative exponent (-1.4) between 8 and 100 K and
a positive one (0.4) above 100 K. In order to interpret
this puzzling behavior, we tried to determine the leading
spin-lattie relaxation mehanism by measuring T1 also
for
65
Cu. With
63,65T1,
63,65γ, and 63,65Q we denote the
spin-lattie relaxation time, the gyromagneti ratio, and
the quadrupole moment of
63,65
Cu, respetively. If the
dominant mehanism is magneti,
63T1/
65T1 = (
65γ/63γ)2 = 1.167, (8)
whereas for a relaxation driven by the quadrupolar inter-
ation we expet
63T1/
65T1 = (
65Q/63Q)2 = 0.872. (9)
We established that below 100 K
63T1/
65T1 ≃ 1.1 whih
indiates that the relaxation is predominantly of mag-
neti origin. At higher temperature we nd
63T1/
65T1 ≃
1, suggesting that the magneti and quadrupolar inter-
ations are of omparable importane. The fat that the
magneti utuations dominate below 100 K again sug-
gests that the internal eld, if any is present, is not stati.
It is also worth mentioning that the puzzling T−11 (T )
annot be asribed to the temperature dependene of
the population of the Pr levels in simple terms. Suh
a ase would require that the lifetimes of these levels are
dierent for eah of them. Bearing in mind the single-
exponential behavior exhibited by all our mL(t) urves,
this possibility appears as rather unlikely.
V. COMPARISON BETWEEN NMR/NQR AND
µSR MEASUREMENTS
Our ab initio alulations indiate that the dominant
axis of the EFG and thus the quantization diretion in
NQR, is orthogonal to the a axis (see setion III). If we
assume that the internal eld along a observed by µSR
is not stati but utuates, this would result in a large
SLRR whereas it should have only minor eets on the
SSRR. This is onsistent with our observation that on de-
reasing the temperature, T−11 (T ) inreases muh more
rapidly than T−1
2G (T ). As already mentioned (set. IVA),
this senario ould reonile the NMR/NQR data with
7a
c
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Figure 7: Sketh of the positions of the Pr ions surrounding
the muon, as obtained from the ab initio alulations (see
text). The arrows indiate the displaement of the Pr ions
(multiplied by 50) indued by the presene of the muon.
the µSR results, provided that the time-sale of the spin
polarization is long (∼ 1 µs). This would also be onsis-
tent with the observation of a gaussian transverse relax-
ation, sine the presene of suh a term requires an en-
hanement of the low-frequeny omponents of the loal
suseptibility,
18
i.e., a slowing down of the spin dynamis.
In order to reonile the results of the NMR/NQR and
µSR experiments, we also onsider the possibility that
the magneti order observed by µSR is mimiked by a
quasi-stati loal enhanement of moment polarization
by the probe itself. The muon, onsidered as a posi-
tive point harge, will attrat eletrons and thus lead to
a rearrangement of harge and possibly of the ion po-
sitions. If, beause of a slow enough spin utuation,
the intrinsi eletroni harge distribution is spin polar-
ized during the duration of the muon lifetime, the muon
will experiene a spin density exeeding the one indued
by the utuation. For our alulations
19
we introdue
a hydrogen atom
20
at the position of the muon derived
by Shenk et al. (1/2, 1/4, 0.6406)10 in every seond
ell along the a diretion, whih amounts to one muon
per 8 formula units, and let all atoms relax at xed vol-
ume. The resulting oordinates for the position of the
muon are (1/2, 1/4, 0.6465), independent of the imposed
spin polarization between 0 and 1 µ
B
per unit ell. The
Pr-ions in the nearest neighbor triangle are displaed as
shown in g. 7. The Pr-Pr distane is redued by ∼ 0.3%
whih orresponds to a ompression by approximately
5 kbar.
21
At this point, it is worth mentioning that at
external pressures exeeding 12 kbar, AF ordering of the
Pr moments has been observed for T . 9 K,21,22 thus
indiating that a lattie ompression enhanes the mag-
neti orrelations. Imposing a spin polarization of 1 µ
B
per unit ell, whih orresponds to an average spin den-
sity of 6.4 ·10−4 a.u., leads to a spin density at the muon
site whih is a fator 6.6 larger than the average one. Re-
duing the imposed spin polarization by a fator 4 yields
a spin density at the muon 12 times larger than the aver-
age value. One might argue that the onlusions drawn
from a alulation in whih a hydrogen atom is plaed in
every seond ell annot be applied to the analysis of µSR
experiments, whih are performed with isolated muons.
Our experiene shows that if we double the number of
hydrogens to one per ell, the enhanement of the spin
density at the muon-site is redued by 15%. In other
words, a larger dilution is expeted to enhane the inu-
ene of the muon. So there is no doubt that the presene
of the muon aets the response of the system, namely a
small spin polarization in the system will be amplied at
the muon site. A quantitative assessment of the temper-
ature dependene of this extrinsi eet is out of reah
of the presently used alulation method.
VI. CONCLUSIONS
The results of our NMR/NQR study of both the stati
(spetra) and dynamial (relaxation rates) mirosopi
magneti properties of PrCu2 provide no evidene for the
onset of any magneti order around 65 K that was pre-
viously laimed from µSR data.10 As argued above, the
µSR results may not reet magneti order but are rather
due to a muon-indued loal enhanement of slow polar-
ization utuations. If the utuation has a time sale of
the order of 1 µs, it ould, as argued in setion IVA, ap-
pear as stati in µSR and vanishing in NMR/NQR. The
origin of the anomalous power-law behavior of the SLRR
is not yet understood, but it learly indiates that the
magneti behavior of PrCu2 is far from that of a simple
Pauli, Curie-Weiss type, or spin-wave system.
The present results all for further studies in order to
larify the omplex magneti properties of PrCu2. In
partiular it will be important to arry out NMR/NQR
measurements in an AF phase. This ould be obtained
either by means of measurements below 54 mK or at
pressures exeeding 12 kbar, where AF ordering among
loalized Pr moments has been observed for T . 9K.21,22
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